ated three accessions of yacon from Huanco (Peru) for their saccharide distribution and stability after 0, 15, 30, 45 and 90 days of storage at 4°C and at room temperature (25°C). Their results indicated high variability in fructooligosaccharide content (2.1-70.8 g/100 g d.m.) and a reverse relationship Table 1 . Chemical composition of tuberous roots, leaves and stems from literature data (Lachman et al. 2003 between fructooligosaccharide and reducing sugars contents. Moreover, they estimated in three accessions a decrease in the order of 46.5, 32.8 and 21.6% of initial amount at 25°C after 15 days and 73.3, 56.5 and 76.8% after 90 days of storage at 25°C and coincidentally an increase in reducing sugar contents (mean value 42%). Fructooligosaccharide content also decreased at 4°C, however, in less proportion in comparison with the temperature 25°C (1.65, 2.94 and 3.6% after 15 days of storage and 27, 17 and 21% after 90 days of storage). Asami et al. (1991) investigated the changes of the contents of fructose, glucose, saccharose and oligofructans (GF 2 -GF 9 ) during growth and storage of the yacon tubers. The average polymerisation degree of saccharides increased during the growth stage (maximum 4.3 at the date of the harvest) and then it decreased during storage. During the two-week storage of yacon tubers in the soil holes in the field, and at 5 or 25°C, the contents of oligofructans decreased to 21, 33 and 41% of the amount determined at the harvest. Coincidentally the contents of fructose, glucose and saccharose increased. Bagautdinova et al. (1999) observed a tendency of a decrease of polymerisation degree of oligofructans related to the cultivation of yacon in the regions situated more to the North (at 56° of north latitude no inulin content was found). Tjukavin (2001) found that the content of monosaccharides in the yacon tubers cultivated in a plastic greenhouse was higher (+ 37%) as compared with yacon tubers cultivated in the field. The content of monosaccharides increased by 2.78-3.38% during the six-month storage of frozen tubers. If the tubers were stored at + 4°C, an increase of monosaccharides content was found (from the field 3.3 fold, from the plastic greenhouse 2.1 fold) with the maximum during the period of 2-4 months of storage.
The aim of this work was to determine saccharide composition of yacon tubers and rhizomes of four different ecotypes, mainly inulin, saccharose, fructose and glucose and to determine the effect of the year of cultivation on their content in yacon tubers as well as the changes of the contents of these saccharides during storage of tubers.
MATERIAL AND METHODS
Material. Tubers of four yacon ecotypes were analysed: Bolivia (BOL, 1995 (BOL, , 1996 (BOL, , 2000 (BOL, , 2001 , Ecuador (ECU, 2000 (ECU, , 2001 , New Zealand (NZ, 1995 (NZ, , 1996 (NZ, , 2000 (NZ, , 2001 , and Germany (GER, 2000 (GER, , 2001 . Cultivated material of Bolivia ecotype was originally introduced to the Czech Republic from Bolivia (natural habitat San Pedro -Potoci at the altitude 2800 m above sea) in the year 1995, of Ecuador ecotype in the year 1994, of New Zealand ecotype from Auckland in the year 1993, and of Germany ecotype from Stückborstel in the year 1994. The plants were cultivated in the mentioned years on trial field plots of the University of Agriculture in Prague-Suchdol in barley-beet region at the altitude 286 m above sea with average year temperature 9.5°C and vegetation temperature 14.5°C and total sum of precipitation about 525 mm. Yacon was harvested in October/November 1995 , 1996 , 2000 and 2001 years after 149-167 days of vegetation period. After harvest they were analysed for dry matter content and saccharides content: inulin, fructose, saccharose and glucose. Rhizomes were also analysed in 1995 and 2000. Tubers were cut into three horizontal parts designated as A, B and C ( Table 6) .
Preparation of extracts. Samples of tubers were frozen in liquid nitrogen and then freeze-dried using Lyovac GT2, Finn-aqua freeze-drier. Freezedried samples were extracted with 80% methanol in a water bath at 75°C for 10 min. Methanol was removed by centrifugation in vacuum (Speedvac, Savant). Redistilled water was then added in ratio 0.5 ml to 10 mg dry matter (d.m.). Soluble saccharides were sonicated (Julabo USR) for 15 min. The extracts were then centrifuged in a microcentrifuge Eppendorf 5415 for 10 min at 14 000 rpm for separation of coarse solid particles and filtered through membrane filters (0.45 µm Millipore). The frozen samples were then stored at -18°C for a few days before HPLC determination. Storage of tubers. Tubers were stored for 140 days in a climatic box at a storage temperature of 10°C and relative humidity 75% in paper sacks.
Statistic evaluation. The results (mean values from three parallel determinations) were statistically evaluated by ANOVA and Tukey's methods with Statgraphics program by the analysis of variance with multiple and single grouping. More detail evaluation was performed by Scheffe's test.
RESULTS
The results are given in Tables 3-7, statistical  evaluation in Tables 8 and 9 .
The effect of ecotype. The highest content of inulin in the tubers was found in the ecotype from Ecuador (289 g/kg d.m.), while the ecotype from Germany had the lowest content (141 g/kg d.m.). Comparable mean values were estimated The effect of the year of cultivation. The highest level of inulin was found in 2001 (mean value 354 g/kg d.m. in the ecotypes from Bolivia, Ecuador and New Zealand). The highest contents of fructose were estimated also in 2001 (mean 295 g/kg d.m., especially in the ecotype from Germany -432 g/kg d.m.). These levels were higher in comparison with those in 2000 (mean 237 g/kg d.m., high in ecotypes from Bolivia, New Zealand and Ecuador). Differences among saccharose contents in samples cultivated in 1995, 1996, 2000 and 2001 were negligible. Similar trend was observed for glucose, with the highest levels estimated in 2001 (mean 128 g/kg d.m. -with high content in the all ecotypes), while the highest amounts were found in the ecotypes from Ecuador and Bolivia in 2000. Regarding the weather factors, the highest amounts of saccharides were found in 2001 and 2000, as compared with the 1995 and 1996. Statistically significant differences were found for all investigated saccharides. Year × ecotype differences were significant for fructose (P = 0.009709) and glucose (P = 0.000218), lesser they were for inulin (P = 0.058703) and non-significant for saccharose.
Content of saccharides in tubers and rhizomes. Tubers have considerably higher contents of inulin (179 g/kg d.m.) and fructose (193 g/kg d.m.) in comparison with rhizomes (146 and 129 g/kg d.m., respectively). On the contrary, the contents of saccharose and glucose are comparable and the differences are not significant. Rhizomes have somewhat higher content of saccharose and lower levels of glucose as compared with tubers. Applying the more detail evaluation of variance analysis of single grouping by Tukey test, significant differences between tubers and rhizomes in saccharose content were found (P = 0.000113).
Content of saccharides in different parts of tubers. The analysed tubers were cut and divided into three parts -A (upper), B (middle) and C (lower). The highest inulin content was determined in the part A -292 g/kg d.m. (A >> C >> B). Conversely, the highest content of fructose was found in the part C -211 g/kg d.m. (C >> B ≥ A). As results from these data, contents of inulin and fructose in the parts A and C of tubers are reciprocal. No statistically significant differences in the contents of saccharides in the different tuber parts were found.
Effect of storage on saccharides content. Yacon tubers of the Bolivian ecotype were stored for 140 days at conditions cited above. The content of inulin decreased during storage from 23 to 121 g/kg d.m. On the contrary, the content of monosaccharides increased (fructose from 113 to 125 g/kg d.m., glucose from 45.8 to 60.2 g/kg d.m.) as well as the content of saccharose (from 20.1 to 44.4 g/kg d.m.). The decrease of inulin type fructans (by 115 g/kg d.m.) was only partially equilibrated by an increase of saccharose (by 24.3 g/kg d.m.) > fructose (12 g/kg d.m.) > glucose (4.4 g/kg d.m.) indicating their losses by respiration. Using the method of variance analysis of a single grouping by Tukey test, a significant effect of storage was found only for inulin (P = 0.035787). 
DISCUSSION
There were found significant differences among ecotypes regarding the contents of glucose, whereas in the saccharose content no significant differences were observed. The highest contents of inulin and glucose were found in the tubers originating from Ecuador. Free glucose and fructose contents were reported among the most variable root parameters (Hermann et al. 1998 ). Significant differences in ecotype × year of cultivation were found for glucose and inulin levels.
Regarding a year of cultivation, the highest contents of inulin, fructose and glucose were found in 2001 and 2000 in comparison with 1995 and 1996, whereas saccharose levels were comparable. It is in accordance with the results of Tjukavin (2001) who demonstrated that favourable year conditions strongly affected the yield and contents of saccharides of yacon tubers. Our results prove a significant effect of the cultivation year on the content of all four investigated saccharides (Tables 4 and 5 ). Higher average temperature in the year 2000 (9.6°C) and sunshine (1801 h) increased saccharose content.
Yacon tubers contain much higher levels of inulin and fructose as compared with rhizomes, whereas differences among saccharose and glucose contents were not significant. Itaya et al. (2002) determined fructosyl transferase and hydrolase activities in yacon rhizophores and tuberous roots during their complete cycle under field conditions. Their results showed that synthesising activities were higher in rhizophores than in the tuberous roots, while hydrolysing activities predominated in tubers, which confirms the higher fructose contents. There was reported a significant and highly negative correlation between fructans and free fructose (Hermann et al. 1998) .
Changes of yacon tubers oligosaccharides during storage have been of great importance. Decreasing levels of inulin and in contrary enhancing contents of fructose and glucose confirm the hydrolysing process during yacon storage. The higher the temperature of storage, the greater the decrease of inulin and increase of saccharose and especially of fructose and glucose could be observed (Tjukavin 2001) .
The highest content of inulin was found in the upper parts of tubers, whereas in the lower parts, the highest contents of fructose were determined. These differences could be related to specific and total activity of fructan hydrolase in different parts of tubers (Fukai et al. 1997 ). It appears that yacon tubers belong to the group, which accumulates lowmolecular fructans, especially in the lower parts of tubers (Ohyama et al. 1990 ). Tubers and tuberous roots contained about 57 and 66%, respectively, of oligofructans, especially of 1-kestose (Asami et al. 1991 , Fukai et al. 1993 ).
